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Barley, like oats, is a rich source of the soluble fibre p-glucan, which has been sliowii lo sigiiilicanliy lower LDL-cholesieiol (LDL-C). However, 
barley foods have been less widely studied. Therefore, we evaluated the LDL-C-lowering effect of a concentrated barley (i-gliican (BBG) exinicl 
as a vehicle to deliver this poieniial health benefit of barley. In a 1 0-week blinded controlled study, subjects were randoini^.ed to one of four ireat- 
mem groups or coiisroL I'realmeiil gioups included cithei- higli inoleculai' weiglil (HMW) or low molecular weight (LMW) BBG ai bolh 3 and 
doses. TveatiiiciU was delivered twice per day with meals in the form of two functional food products: a rcady-to-eat cereal and a reduced-calorie 
fruit juice beveiajje. Levels of total cholesterol, l.,Dl..-C, HDL-cholestei-ol (HDL-C), and TAG were dcterinined at ha.selinc and aflei- 6 weeks of 
el c It Hie study grotip comprised 155 subjects. All treatments were well tolerated and after 6 weeks of ireatinenl the mean l,D!..-C levels fell 
by 13% in the 5g HMW group, 13% in the 5g group and 9% in bt)lh the 3g/d gioui>s, versus baseline. Similar results were observed for 
total cholesterol. HDL-C levels were unchanged by treatment. Concentrated BBG significantly improTOS LDL-C and total cholesterol among mod- 
erately dysJipidaemic subjects. Food protlucts containing concentrated BBG should be considered an effective option for improving blood lipids. 
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CVD is the leaditig cau.se of raorbidity and mortality for both 
men and women in the USA with over 14 million deaths and 
865000 myocardial inlarctions each year (Aiiiericat) Heart 
Association, 2005). The National Cholesterol Education Pro- 
gra[ii'.s Aciult Treatment Panel 111 (ATP 111) has developed 
guidelines for reducing the risk of CVD which strongly luge 
lifestyle inodilication, including dietary chattgcs, as the loun- 
dalion and initial iiiierveiiiion for persons at risk for CVD 
(National Cholesterol Education Program, 2001). An itiiport- 
ant component of the lifc.style modiftcatioti is a 'heart-healthy' 
diet, which specifically includes a lecommendation for cot^- 
sumption of at least 5-lOg viscous soluble fibre (VSF) per 
day. As much as 10--25g/d can provide additional LDL-low- 
eiing effects in some individuals. The current average intake 
of VSF in the USA is weil below that at about 3-4g/d (Baz- 
zano ef ai., 2003), 

The ATP III guideiities emphasize attainment of a healthy 
level of LDL-C as the primary goitl in CVD risk reduction. 
Clinical trials using VSF treatments have shown the poletitial 
for a 10-15% reditction in LDL-C when it is added to 
a 'heart-healthy' diet (Bell et al, 1990; Behali et ai, 
2004a, b). VSF is found nalurdlly in some grains, especially 
oats and barley, in select fruits, such as apples, guava and 



pears, and in most legumes (e.g. peas and i^into beans). It 
can also be consutncd as a dietary supplement (e.g. psyllium). 
Despite reconrimendations for increased intakes of VSF in the 
diet, most individuals do not meet the recommended levels 
due, in part, to poi>r paiatability of some fiijies and the need 
to consume a relatively large atnount of tialtiially high-libre 
foods ill order to achieve the desired level. 

In an effort to iticrease constimplion of VSF, concentrated 
extracts of fi-glucan VSF have been added lo foods and 
have been effective in modifying CVD risk (Bchall el al., 
1997). Recently, a jsrocess has been dcveloijed for extracting 
the p-gliican from barley to acliieve a barley (i-ghican 
(BBG) concentrate with weight- average molecular weight in 
the range of 50-400 kOa. This represents a reduction in mol- 
ecular weight from native (high moJecular weight (HMW)) 
BBG, with weight-average tnolecular weight of lOOOkDa. 
This reduction in molecular weight improves BBG sensory 
properties and |ieifoi inance in foods. Food scientists have suc- 
cessfully incorporated it into foods (e.g. cereals, juices and 
baked goods) to produce palatable i'ood products which are 
high in VSF. 

The present pai>er reports the results of a clinical trial of 
concentrated BBG extract in human subjects. The paper 
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focuses on llie blood lipid results of this intervention, 
Additional manuscripts are in review or preparation thai will 
report results on insulin sensitivity, adipocytokines, and 
other CVD risk factois. The aim of the present study was to 
evaluate the efficacy of a diet augmented with food products 
(cereal and juice beverage) that Vijere enriched with BBG to 
increase their VSF content. The study population included 
subjects at moderate CVD risk who would be considered can- 
didates for the ATP III therapeutic lifestyle changes. The pri- 
mary vai iable of interest was the change in LDL-C using two 
different doses (3 and 5g) of both low moiectilar weight 
(LMW) and HMW forms of BBG. Of particular interest was 
the percentage of subjects who attained their personal risk- 
adjusted LDL-C goal using this daily liierapy. 



Methods 

Subjecli- 

The study group comprised mun (n = 75) and women (?» = 80) 
aged 2,5-73 years who met the National Cholesterol Education 
Program ATP III criteria foi' diet therapy due to elevated LDL- 
C. From September 2003 to October 2004, subjects were recruited 
from the University of Minnesota-Twin Cities and tlie greater 
Twin Cities area. The study was approved by the University 
of Minnestila Institutional Review Board, and all subjects 
gave informed consent. Inclusion criteria were: LDL-C between 
1300 and 1900 ing/1; TAG < 400 nig/l; fasting glucose < 1260 
mg/l. Individuals were excluded if they had diabetes, cancer, 
.secondary hyperiipidaemia, CVD or otlier chronic medical con- 
ditions; TAG > 4000 mg/l; BMI > 40; or a large or unexplained 
weight change within the previous 6 months. In addition, 
individuals were excluded if they were taking Upid-altering 
medications or dietary supplements (2 months prior lo screening) 
which might affect blood lipids; consumed greater than two 
alcoholic beverages per day on a regular basis; were allergic 
to aspirin, grain products or any Ingiedients used in tlie 
U-eatment foods; were following a special diet; or had smoked 
within the ])ast year. Pregjiant and i«ctating women were also 
excluded. 



Slucfy design 

This randomized, double-blind, controlled, five-arm parallel 
group trial consisted of a 4-week diet stabilization phase fol- 
lowed by a 6-week treatment period. Individuals meeting all 
inclusion criteria as determined at an initial screening visit 
were eligible to enter diet stabilization (Fig. 1). TTtese partici- 
pants attended a group education class in which they were 
given dietary instruction to consume a diet low in saluniuxl 
fat and trans-fats (<10% of kJ/d) and to diiicontinue any 
lipid-allering dietary sup])lements. Participants who siiil 
met all inclusion criteria after the diet period were randomly 
allocated using a block randomization scheme lo receive one 
of live treatments: low-dose (3g) LMW BBG, high-dose 
{5g) LMW BBG, low-dose HMW BBG, high-dose HiMW 
BBG or conirol. Subjects were instructed lo continue follow- 
ing the low saturated and trans-fat diet and to roaintais) other 
lifestyle habits throughout the study. Subjects returned to the 
clinic for evaluation of side-effects and compliance aftei- 3 
and 6 weeks of treatment. Blood pressure, blood lipids. 



blood apo and other CVD risk markers were evaluated at base- 
line and at the end of treatment. 



Treatment 

Two food products were chosen as vehicles to deliver the 
BBG (Barliv™ barley p-glucan concentrate; Caigill Health 
and Food Technologies, Wayzaia, MN, USA): ready-to-eat 
cornliakes breakfast cereal and a low-energy tropical juice 
beverage containing 5 % fruit juice. The foods were formu- 
lated such that their nutritional profiles were consistent with 
FDA heart health claim requiroinenls. Prior to the study, an 
informal screening exercise was conducted to confirm the sen- 
sory acceptability of the treatment foods. 

The cereal and juice were packaged in single-serving 
packages (one cup of ceresd or juice per serving) and subjects 
received a 3-week supply of treatment at basditie and after 3 
weeks of treatment. They were instructed to consume two 
packages of juice beverage and one jjackage of cereal with 
meaSs each day (Table 1). Subjects were instructed lo save 
all used and unused cereal and juice containers. These were 
collected and counteci at weeks 3 and 6 as a measure of 
coinpliance. 



Clinical and lahoralory measurements 

All visits were conducted at the Univei sity ol' Minnesota Gen- 
eral Clinical Research Center. At the screening visit a general 
medical history was obtained; blood pressure, height and 
weight were measured; and blood samples were collected to 
assess fasting chemistry and ]\\M values. Fasting lipids and 
lipoproteins were reassessed after the diet stabilization 
period. Scheduled visits during the treatment pcifod were at 
baseline and weeks 3 and 6. At all treatniejit visits, blood 
pressure and weight were measured and side-effects were 
assessed. At baseline and week 6, blood was drawn to 
assess total cholesterol, HDL-C, LDL-C, and TAG. 

All blood draws and clinical measurements were per- 
formed by University of Minnesota Genera! Clinical 
Reseai'ch Center medical staff. Weight and height measui'e- 
ments were obtained with subjects wearing indoor clodiing 
and no shoes. Blood pressure measurements were obtaiiii^d 
with an automatic Colin"'* blood pressure monitor (Press- 
mate® BP/8800C; Medical Instruments Cori5„ San AiUonio, 
TX) after subjects had rested in a seated position for al 
least 5min. Measurements were >-epeated four times at 
1 min intervals, and the mean of the last three readings was 
used in analyses. All blood samples were obtained using 
standard vcncpunciure techniques after subjects had fasted 
for 12h. All laboratory analysis was done using standard 
automated technology al the Quest Diagnostics* Laboratory 
(Wood Dale, IL) branch laboratory (certified and accredited 
laboratory by the Clinical Laboratory Improvement Amend- 
ment of 1988 and the College of American Pathologists) or 
at the Univei-sily of Minnesota. Specifically, total cholesterol, 
LDL-C and TAG concetitrations were determined using enzy- 
tiiatic methods with Olympus reagents, with automated spec- 
trophotoinetry performed on Olympus AU5400°^ HDL-C 
was determined directly using Roche reagents on the Olym- 
pus AU5400®. 
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742 were 
screened 




452 had informed 

154 did not meet 
eligibility criteria, 
58 subjects were not 
interested 




240 were 
invited to a 
dietary class 




4 weel<s of the run- 
in period 

234 completed the 
run-in period 













57 were not eligible; 14 decided not to participate 



161 were randomized, 76 with nnetabolic syndrome 




Dielaiy diila were collected during the irealnienl period to 
monitor diet compliance and consistency. Each subject 
completed a 3 d food record dui'ing the first and last week of 
treatment aiid returned tiieni at weeks 3 and 6. Research 
staff reviewed the records for completeness and clarity 
during the study visits. Food records were analysed for 
energy, macronutrient and micronutrient intake using Nutri- 
tion Data System for Research software version 5 0„33 
(ND,S-R; Nuti'ition Coordinating Center, University of Minne- 
,sota, Minneapolis, MN, USA). 

Sludy-relaied side-effects were assessed by a thirteen-ques- 
tion side-effect questionnaire completed at baseline and siib- 
setjuent treatment visits. Participants were aslsed to ctieclt 
the category that best represented their symptoms over the 
last month at baseline or since their last stutly visit at each 
subsequent visit. The ciitegorica! options for eiich symptom 
were 'Not at all', 'Somewhat', 'Moderately', "Very much' 
or 'Extremely'. Frequency counts were used in the analyses 
and were categorized in two ways; (1) dichotomized as 
'Any' V. 'No' side-effects or (2) the top two categories were 
collapsed and were used to indicate the presence of 



side-effects. Analyses were conducted u.sing both methods ol' 
determining side-effects. 



SuHiiiical analysis 

Differences in baseline demographic and clinical variables 
among the treatment groups were comjiared u,sing ANOVA 
for continuous variables and the lesl for categoi'ical vari- 
ables. The ireaimcni cffcci was based on the measuremcm 
and comparison of the mean levels of lipids and lipopioteins 
among treatment groups using ANOVA. The GENMOD pro- 
cedure of SAS version 8 (SAS Institute Inc., Gary, NC, USA) 
was used to perform the analyses. In addition, a x'^ lest was 
perfonned coinparing all side-effect counts (frequencies) at 
baseline, mid-study and post-study visits. Regression analysis 
using a genera! linear model was used to determine the dilfe- 
ences in side-effects over time and between the treatment 
groups and the control group. Test of independent proportions 
was used to com]>are the percentage of subjects who attained 
their LDL-C goal ii\ the tteatmeiit groups versus the control 
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Juicet Cereal^: 



Tfeatment graup 


Servings consumed 


BBG 
consumed (g) 


Servings consumed 


BBG 


Tota! BBG 
consumed (g) 


Control (0 BBG/d) 


Two cups/d at 0 g BBG/serving 


0 


One cup/dalOg 


0 


0 








BBG/serving 






High dose HMW 


Two cups/d at 1-Og BBG/serving 


2-0 


One cup/dat30g 


3-0 


50 


(5g HMW BBG/d) 






BBG/serving 






High dose LMW 


Two oups/d at 1-0 g BBG/serving 


2-0 


One cup/d at S Og 


3-0 


5.0 


(5gLMW BBG/d) 






BBG/serving 






Low dose HMW 


Two cups/d at 0-75 g BBG/serving 


1.5 


One cup/d at l -Sg 


1'5 


30 


(3g HMW BBG/d) 






BBG/serving 






Low dose LUW 


Two cups/d at 0-75 g BBG/sen/ing 


1-5 


One cup/d at l-Sg 


1-5 


30 


(3gLMW BBG/d) 






BBG/serving 







BBG, barley p-glucan; HMW, high molecular weight; LMW, low molecular weight. 

tSubjeols consumed two juice drinl<s per day: one with breakfast and the otherwilh their largest me^. 

4: Subjects consumed one cereal per day as part of their breakfast and in lieu of their usual cereal. 



group. Statistical sigiuficaiice adjuslmenls were made using 
Dimnett'.s test for multiple comparisons. 

Results 

All ba.seline variables were sin^ilar among the treatment groups 
(Tables 2 and 3), Tlie mean age overall was 55 years (age range 
25-73 yeai s). The ratio of men to women was .similar in each 
ireatment arm. The mean BMI betweei5 the grouiM was .simiiar, 
with each group being bor(iei1ine obese by National Institutes of 
Health and WHO standards. The proportion of subject.s in each 
group that had a positive family history of CHD (as defined by 
the ATP in guidelines) was similar between the irealmenl 
groups. Each treatment group was block stratiiied on metabolic 
syndrome status resulting in an even distribution of tnetabolic 
and non-metaboiic syndrome subjects in each groui). 
Metabolic syndrome status was determined according to the 
ATP II! guidelines (elevated TAG, low HDL-C, elevated 
blood pressure or blood jiressure medication, elevated glucose 
and/or elevated waist girth) and meeting at least three of the 
five criteria. Al! study subjects were determined to be generally 



hcaltliy al baseline and without history of CHD; 38 % had two or 
more CHD risk factors while 62 % bad 0^ 1 CHD risk factors. 
For ail study paiiicipants the meaji baseline levels for blood 
lipids and li])oproteins were as follows {in mg/1): LDL-C, 1540 
(range 1100-2200); total cholesterol, 2350 (range 1840- 
3270); HDL-C, 500 (range 270-1040); 'i'AG, 1600 (range 
440-4680). 

The mean changes in total cholesterol, LDL-C, TAC; and 
■fC/HDL-C for the diiferenl tj-ealment groups are sliown in 
Tabic 3. After G weeks of treatment, total cholesterol tlropped 
significantly in all treatment groups compared to 
control. Specifically, total cholesterol was leduced by i2% 
in the 5g HMW group, a decrease that was slightly moic 
than the other treatnienl groups: 5g LMW group, 11% 
reduction; 3g HMW group ( -IWrng/l), 8% reduction; 3g 
LMW group, 7 % reduction. LDL-C levels weie significantly 
reduceil from baseline in all treaunent groups compared to 
control. The 5g HMW group experienced a 15% drop in 
LDL-C where LDI^C was reduced by 13% in the 5g LMW 
group, 9% in the 3e HMW group and 9% in the 3g LMW 
group. 



Table 2. Subject characteristics at baseline by treatment group and overall lotalst 



Variable 


Control 
(n = 30) 


59 


, HMW 
= 32) 


5g, LMW 
(n 30) 


3g, ^ 

(n = ; 


m 

32) 


3g, LMW 
(n = 31) 


Total 
(n=iS 


5} 


Mean 
























53-7 


12-5 


58-6 


10-6 


52-8 




53-9 


10-2 


55 10-1 


54-8 


11-1 


BMi 


30.8 


4-0 


28-9 


6-7 


28-9 


5-3 


29-6 


5-9 


28-1 4.3 




5-3 


Body weight (kg) 


82.8 


15-1 


81-7 


19-8 


80-7 


16-8 


86-4 


19-4 


80.7 14-9 


82.5 


17-2 






% 








% 












CHD famify history 


6 


20 


11 


34-4 


9 


30 


10 


31-3 


9 29 


45 


29 


Metabolic syndromet 


15 


50 


15 


46.9 


15 


50 


16 


50 


15 48-4 


76 


49 


Gender 


























17 


56-7 


15 


46-9 






16 


50-0 


16 51-6 


75 


48-4 


Female 


13 


43-3 


17 


53-1 


19 


63-3 




500 


15 48-4 


80 


51-6 


Race 
























Caucasian 


30 


100 


29 


90-6 


28 


93-3 


30 


93-8 


29 93-5 


146 


94-2 



HMW, high molecular weight; LtJlW, low molecular weight. 

t For details of treatment groups, see Table 1 . tests of association between groups were pertormed for getvder and ANOVA. F tests were periormed tor age and am. 
Pvalues ware not signilioani (P>0-09). 

t Each group was block stratilied on motabolic syndromo status as defined by the hJational Choleslerd Education Program's Adult Treatment Panal III guidelines. 
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Table 3. Blood lipids results at baseline (Pre) and after 6 weeks of 



5g, LMW (n-30) 



205-9-'' 
158.3 



49-6 



HDL-C. HOL-(*olesl6rol; HMW, high motecular iveighl; LDL-C, LOL-i*al0sterol; LMW. tow molecular vveight; TC. totaf (Sioleslerol. 
■■"'Mean values wilhin a tow with unlike Superscript tellers wore significantly diKerenI (with adjustments for multiple corTiparisons; P<O OS). 
Mean values were si^iftcantly differeni Iroin those of tlie baseline (paired Student's (-tests): •P<0 05. 

t For detsulsoltreaimeni groups, see Table 1. ANOVA F tests were done for each variable. No significsmt dilfsrences were found between groups at baseline (P>0-60). 



Fasied TAG levels were reduced from baseline in all treat- 
meiK groups except the 3g HMW group (Tabie 3), wliile the 
control group experienced a modest increase. However, after 
adjusting for muUiple comparisons only the 5 g HMW group 
experienced a signiflcanl drop in TAG levels compared 
to control. Fasted TAG level was reduced by 16% in 
il5e 5g HMW group. There were no significant changes 
from baseline in any of the treatment groups regarding 
HDL-C. 

Tabie 3 shows the decrease in (he total cholesterol/HDL-C 
ratio in all the treatment groups at tiie iinal study visit. The 
ratio of total cholejJlerol/HDL-C was significantly changed 
by treatment in all the treatment groups except the 3g 
HMW group. The 5g HMW group experienced a 15% dro]) 
in the total cholesterol/lIDL-C ratio while this ratio was 
reduced by 10% in the 5g LMW group and 9% in the 3g 
LMW group. The 3g HMW group also experienced a 
reduction in the total cholesterol/HDL-C ratio from baseline 
but this change was not signilicaiitly different from the control 
group after adjusting for multiple comparisons. 

Diet was unclianged throughout the study in both the treat- 
ment groups and the control gi'oup, All treatment groups (but 
not the control group) attained the ATP !II guidelines goal 
of s fOg VSF/d when the dose of the treatment fibre wa.s 



added to the background dietary soluble fibre intake. Btxly 
weight was unchanged over the duration ol' the study in ail 
study groups. 

The ireatinenl was well tolerated by most sulijects, with 
excellent compiiance {average ti-eatment compliance by 
group: control. 96%; 5g HMW, 95%; 5g LMW, 97%; 3g 
HMW, 94%; 3g LMW, 97%). The fact that there were no 
study dropouts further indicates the tolerability of tlie study 
treatments. Moreover, adverse events were monitored al all 
study visits and none were reported. Treatment-related side- 
effects were also assessed at each study visit. Tlterc were no 
differences in tlie frequency of side-effects at baseline 
between any of the study treatment groups or the control 
group. Additionaliy, tlicrc was no clwnge in the frequency 
of side-effects iVom baseline to the mid -study visit or to the 
final study visit in any of the treatment groups when compared 
to the control group except for the frequency of intestinal gas. 
hi all groujis except the control group the frequency of intes- 
t 1 s c eased over the first 3 weeks of the study and per- 
sisted over the final 3 weeks of treatment. However, the 
change in frequency of intestinal gas only reached statistical 
significance in the 5g HMW group (at vveek 3 and week 6 
of treatment) when all treatment groups were compared to 
the control group (F<005). 



Table 4. LDL-cholesterol goal atfainme 


snt al baseline and v 


/eek 6 by number of CHD i 


Isk factorst 






■ or one CHD risk 


Zero or one CHD risk 


Two or more CHD risk 


Two or more CHD risk 




ctors at baseline 


factors at week 6 


factors at baseline 


factors al week 6 


Total (n=154) 


66/95 


ao/95 


2/59 


20/59 


Control (n 30) 


13/22 


15/22 


0/8 


m 


5gHMW (n=32) 


12/17 


15/17 


1/15 


8/15 


5gLMW (/l = 29)t 


15/21 


20/21 


0/8 


m 


3gHMW {n=-32} 


9/18 


15/18 


1/14 


7/14 


3gLMW (n=31) 


11/17 


15/17 


0/14 




Any BBG treatment (n =■■ 124) 


47/73 


65/73 


2/51 


20/51 



BBG, barley p-gluoan; HMW, high molecular weight; LDL-C, LMW, low molecular weight. 

tForctetails of Ireatmenl groups, see Table 1. CHD risk factors as dellnecf by National Cholesterol Education Progiam's AduH Treatment Panel 111 guidelines. 
^One subject was left out ol analysis {5g LMW group) because we were unabie to get all risk factor data. 
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The National Cholesterol Education Program ATP 111 
guidelines were applied to each study participant to determine 
his oi- her LDL-C goal of therapy based on ievel of CHD risk 
(Table 4). A greater j^ercentage of individuals in the treatment 
groups altHineil iheir LDL-C goal compared to the control 
group. At study conclusion 89% of those with zeio or one 
CHD risk lactois who received any study treatment had 
attained their LDL-C treatment goal ctmipavod to 68% in 
the contioi group. Simiiiirly, among the subjecis wiili iwo or 
more CHD risk factors, 39% (20/51) who received any of 
the study treatments attained their LDL-C goal comjwred to 
0% (0/8) in the control group (P<0.05). 

Discussion 

The aim of the present study was to assess the impact of BBG- 
enriched foods on CVD risk factors, specifically LDf^-C and 
o(her blood lipid levels, in human subjects with moderate <lys- 
lipidacmia. The present study demonstrated that both HMW and 
LMW BBO, when added at either 3 or 5g/d, reduced the 
primary study variable, LDL-C, with significant reductions at 
both the 3g and 5g daily do,se. Reductions were 9% for the 
3 g dose and 1 5 % or 1 3 % for the 5 g dose (HMW and LMW, 
resijectiveiy). Additionally, total cholesterol was significantly 
reduced among all treatment gj-oups, while the ratio TC/HDL 
was mojc significantly reduced among the 5 g/d groups. The 
present findings demonstrate that the efficacy of a BBG- 
enriched diet in modifying blood lipid CVD risk factors is at 
least comparable to previou,s clinical trials of VSP-enriched 
diets. As important, the LMW BBG which has even greater 
therapeutic potential because of its improved sensory properties 
and performance in foods demonstrated comparable efficacy to 
the HMW BBG in blood lijwd iinprovement. 

An important study outcome that is a corollary to the 
LDL-C reduction is the number of subjects who were able 
to attain their personal LDL-C goal as established by the 
ATP ill guidelines. The ATP 111 guidelines use a system of 
tissessing core CVD risk factors to establish the LDL level 
or cut point al which an individual can consider their efforts 
at risk reduction successful (National Cholesterol Education 
Program, 2002). If a person does not reach their goal wilh life- 
style changes, then they will generally need to progi'ess to 
more aggressive interventions such as pharmacotherapy. It is 
an additional important measure of the efficacy of the BBG 
intervention that 69% of the subjects in the treatinent 
groups were able to attain their LDL-C goal as opposed to 
50% of the control group on a 'heart-healthy' diet alone. Of 
particular note is the fact that all treatinent groups, both the 
3g and 5g LMW and HMW groups, showed a substantial 
inerea.sc iii persons reaching their ATP 111 goal for LDL-C, 
The study subjects were only moderately dyslipidaemic; 
40% of the subjects in the treatment groups and 63% of the 
control group had already achieved their LDL-C goal on the 
run-in diet. Nevertheless, LDL-C is a continuous risk variable 
and additional improvcii^ent in LDL-C levels with the BBG 
intervention further enhanced their CVD risk reduction and 
maintenance of healthy lipid levels. 

Overall comjiliance with study treatments and the lack of 
significant study-related side-effects demonstrated excellent 
acceptance and tolerance of BBG. As is common with an 
increase in fibre intake, subjects on active treatment did 



report an initial increase in intestinal gas, but for most subjects 
this side-effect did not increase over the dui'aiion of the sttidy. 
Three-day food recoids obtained at baseline and al the end of 
the study indicated Uiat subjects were generally compliant 
wilh overall diet recommendations anil there were no signifi- 
cant changes in energy consumption or .sjiecific nutrient 
intake over the 6-week period. Of note, all subjects within 
the four treatment groups attained the A'lT III goal of con- 
sumption of 10-25 g VSF/d when die treatment dose of 
BBG was added to their background VSl- consumption on 
the 'heart-healthy' diet. 

To dale, most of the human studies investigating the hypo- 
cholesterolaemic effects of p-glucan have utilized diets rich in 
oat and oat products. However, human clinical trials have been 
contlucted using barley foods as the source of p-glucaii as 
well. (Mcinto.sh et al. 1991) conducted one of the fiist trials 
coinparing diets rich in barley versus wheat in a cross-over 
design. Compared to the wheat peiiod, the barley diet period 
resulted in a 6 % lower total cholesterol level and a 7 % 
lower LDL-C level. In 2004, Behall ei al. reported that 
adding 6g soluble fibre from barley pei' day for 5 weeks in 
addition to a Step 1 diet resulted in a 24% reduction in 
LDL-C (Behall el al., 2004^;). However, not all studies inves- 
tigating die cholesterol-altering effects of barley have reported 
a treatinent effect. (Keogh et al 2003) reported that adding 
|3-gUican-eniiched bai ley to the diets of hypercholestcrolaemic 
men containing 38% of kJ fiom fat did not significantly 
reduce total or LDL-C levels. 

To date, there have been even fewer studies investigating 
the cholesterol-altering effects of extracted p-glucan. There 
have been a few studies showing the benefit of oat p-glucan 
extract in CVD risk reduction (Behall et al., 1997). However, 
there has only beesi one jirevious study repoiting a dietaiy 
intervention using [3-glucan extracted from oats with molecu- 
lar weight modification (Frank el a!., 2004): the study used 
6 g/d oat p~giucan extract (both LMW and HMW) for 3 
weeks and failed to .show a significant effect on blood 
lipids, specifically LDL-C. Compared to the findings in the 
present trial, the results of (Frank et al. 2004) would suggest 
that the extent of the molecular weight reduction of the 
3-glucaii fibre could significantly alter its hypocholesteroiae- 
mic action. Additionally, it is apparent from a review of the 
literature that not all soluble fibre forms and sources have 
comparable effects on CVD risk factors (Truswell, 1995). 

Experts contend that the LDL-C-loweiing effects of 
hsgh-VSF foods, such as oats and barley, are clue to the 
action of VSF in the gastrointestinal tract. VSF has been 
shown to increase the elimination of bile salts, and seconda- 
rily, bacterial fermentation products (SCFA) have been 
shown to siijjpress hepatic cholesterol biosynthesis (Maiiett 
et al., 1994). There is a substantial body of knowledge sup- 
porting these mechanisms of action, and this pereuaded the 
(US Food & Drug Administration 1993) to grant the first 
health claim for reduced risk of heart disease in 1993 to 
foods rich in soluble fibre from oats. 

Lowering the molecular weigh! of |3-gh!caii does improve 
sensory properties and performance in foods, but it can also 
reduce die viscosity of the fibre, thus the tradeoff can be a 
decrease in efficacy. This appears to be liie reason that some 
previous studies of other LMW (i-glucans in animals and 
man had reduced efficacy (Yamada et al., 1999; Frank et al.. 
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2004). In addition, some feel that any p-g!ucan extract, even a 
concentrated source, loses some of the inipoi tan! componenis, 
such as sx>lyphenolics and antioxidants, present in whole-grain 
products and thereby may be less effective in oveiall CVD 
risk reduction, (.lacobs & Oallalier 2004) have reviewed a 
number of prospective trials and have concluded that con- 
sumption of whole-grain products reduces CVD risk. The pre- 
.senl study of foods enriched with extiacted BBG demon.strales 
their efficacy in reducing LDL-C, a tnajor surrogate marker 
for CVD, and gives support to the position thai extracted 
VSF can significantly reduce CVD risk. 

A study of longer duration may be helpful to show mainten- 
ance of the benefit. Further, in order to generalise the results 
to a broader, more diverse population, it may be helpful to 
study certain subgroups and other population groups over 
tlie age of 65. 

Conclusion 

The pre.sent study demonstrates the efficacy and excellent tol- 
erance of a dietary intervention using BBG-enriched foods to 
reduce CVD risk, specifically LDL-C. All subjects in BBG 
treatment groups wei-e able to reach the ATP 111 dietary goal 
of consumption of 10-25 g/VSF d. An important finding in 
the pi'esent study was that LMW BBG had comparable effi- 
cacy gram foi- gram when compared to native HMW BBG, 
Tliis i.s clinically important because the improved sensory 
properties and performance in foods of LMW BBG make it 
« more viable food ingredient for broader appficaiions. 
An additional important oiucome of the present study was 
that a greater number of BBG-treated subjects versus control 
attained their ATP 111 goal for LDL-C. The findings of the ]5re- 
,senl study have clear clinical benefits in CVD risk reduction 
and signiiicant healthcare cost benefits due to reduced 
need for pharmacotherapy if the results can be sustained 
long term. 
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